McGinn & Gibb, PLLC 
A Professional Limited Liability Company 
Patents, Trademarks, Copyrights, and Intellectual Property Law 
8321 Old Courthouse Rd, Suite 200 
Vienna, Virginia 22182-3817 
Telephone (703) 761-4100 
Facsimile (703) 761-2375 



APPLICATION 
FOR 
UNITED STATES 
LETTERS PATENT 



Takao Inoue 



LIGHT EMITTING DIODE DRIVING 
CHICUIT 



PU01-01115 



APPLICANT: 



FOR: 



DOCKET NO.: 



LIGHT EMITTING DIODE DRIVING CIRCUIT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a control circuit for 
adjusting the luminance of a light emitting diode by using a 
pulse signal. 

2 . Description of Related Art 

Hitherto, it was general to use lamps as a light source 
for illuminating a console panel or the like of a vehicle. 
The luminance of the lamp is adjusted by a PWM (Pulse Width 
Modulation) signal (hereinafter, simply referred to as a 
pulse signal) which is supplied from a so-called illuminance 
control circuit. Specifically, the pulse signal from the 
illuminance control circuit is smoothed, a DC voltage 
included in the pulse signal is extracted, and a constant 
voltage circuit for driving the lamp is controlled by the DC 
voltage, thereby making a luminance adjustment of the lamp. 

Since lamps are used as light source, there are problems 
that the electric current consumption is large, a large -size 
transistor has to be used in the constant voltage circuit for 
driving the lamps, so that it is difficult to miniaturize the 
luminance adjusting circuit as a whole. There also is a 
problem of a short lamp life due to a failures such as 
breakage of the filament. A further drawback is that it is 
difficult to obtain the maximum luminance of the lamp. 
Therefore, in recent years, to solve the drawback light 



emitting diodes are often used in place of the lamps of the 
light source for illumination. 

Since the pulse signal for the luminance adjustment 
which is supplied from the illuminance control circuit is 
generated based on the luminance change characteristics of 
the lamp as a reference, there are many inconveniences. For 
instance, if the light source is replaced with the light 
emitting diode, the degree of illuminance control and the 
change in luminance of the light emitting diode do not 
coincide. In another case, the luminance of the light 
emitting diode does not decrease too slowly or decreases 
suddenly in response to a dimming control. 
OBJECTS AND SUMMARY OF THE INVENTION 

The invention has been made to solve the inconveniences 
described above and it is an object of the invention to 
provide a luminance control circuit that can match its 
luminance change characteristics with those of a 
conventional lamp when light emitting diodes are used as a 
light source controlled by the illuminating circuit. 

According to the invention, there is provided a light 
emitting diode driving circuit which comprises: control 
pulse signal generating means for generating a control pulse 
signal having a variable duty factor; a smoothing circuit for 
smoothing the control pulse signal to generate a control 
voltage; a driving circuit for generating a driving voltage 
according to the control voltage and supplying a forward 
current to the light emitting diode; and a switching circuit 



for interrupting the forward current of the light emitting 
diode in response to the control pulse signal. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the construction of an 
embodiment of a light emitting diode luminance control 
circuit according to the invention; 

Fig. 2 is a block diagram showing a modification of the 
light emitting diode luminance control circuit shown in Fig. 
l; 

Fig. 3 is a circuit diagram showing a specific circuit 
construction of the block diagram shown in Fig. 2; 

Figs. 4A to 4C are time charts showing the adjusting 
operation of a pulse width in a pulse width adjusting circuit 
13 in the circuit diagram shown in Fig. 3; and 

Figs. 5A to 5D are time charts showing the operations of 
a control voltage switching circuit 19 and a smoothing 
circuit 14 in the circuit diagram shown in Fig. 3. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram showing an embodiment of a 
light emitting diode luminance control circuit according to 
the invention. 

In Fig. 1, an illuminance control circuit 10 is provided 
for generating a light adjustment pulse signal to perform the 
luminance control of a light emitting diode. 

A pulse amplitude stabilizing circuit 12 is a circuit 
for stabilizing an amplitude of the received light adjustment 
pulse signal. A pulse width adjusting circuit 13 is a 



circuit for changing a pulse time width of the pulse signal 
whose amplitude has been stabilized to a constant amplitude 
by the pulse amplitude stabilizing circuit 12 to a 
predetermined value. 

A smoothing circuit 14 is a circuit for smoothing output 
pulses generated from the pulse amplitude stabilizing 
circuit 12 and generating a voltage proportional to a DC 
component included in the pulse signal. 

A power voltage Vcc is supplied to a power input 
terminal 11 from a power source unit (not shown) of a 
vehicle. A constant voltage driving circuit 15 functions as 
a constant voltage source for supplying a predetermined 
forward current to a light emitting diode 16 as a load by 
using the power voltage. 

The number of light emitting diodes 16 as a load is not 
limited to the number shown in the embodiment of Fig. 1. For 
example, it is also possible to combine a plurality of light 
emitting diodes serially or parallel and use them as a load 
of the constant voltage driving circuit 15. 

A minimum voltage generating circuit 17 generates a 
control voltage Vmin from the power voltage Vcc, that is, the 
control voltage Vmin necessary for the constant voltage 
driving circuit 15 to supply a minimum forward current IFmin 
to the light emitting diode 16 as a load. IFmin denotes a 
forward current which is necessary for the light emitting 
diode 16 as a load to maintain the minimum luminance. 

A maximum voltage generating circuit 18 is a circuit for 



generating a control voltage Vmax from the power voltage Vcc, 
that is, the control voltage Vmax necessary for the constant 
voltage driving circuit 15 to supply a forward current IFmax 
serving as a maximum luminance to the light emitting diode 16 
as a load. 

A control voltage switching circuit 19 is a circuit for 
switching an output voltage from the smoothing circuit 14 and 
an output voltage from the minimum voltage generating circuit 
17 and supplying the switched output voltage to a control 
voltage input of the constant voltage driving circuit 15. 

A forward current interrupting circuit 20 is operative 
to interrupt (switch) the forward current flowing in the 
light emitting diode 16 as a load in response to the pulses 
generated from the pulse width adjusting circuit 13. 

The operation of the embodiment shown in Fig. 1 will be 
described below. 

First, in the illuminance control circuit 10, a light 
adjustment pulse signal for performing the luminance control 
of the light emitting diode 16 is generated. Generally, the 
illuminance control circuit which is used for illuminating a 
console panel or the like of a vehicle is constructed by an 
extremely simple pulse generating circuit using an astable 
multivibrator. When the user rotates an illuminance 
adjustment knob provided for the illuminance control circuit 
10, a duty factor of the light adjustment pulse signal which 
is generated from the circuit, that is, a relative time width 
between the "1 level" and the "0 level" of the pulse or a 



frequency of the light adjustment pulse signal changes. 

The light adjustment pulse signal from the illuminance 
control circuit 10 is shaped into a pulse signal having a 
predetermined amplitude by the pulse amplitude stabilizing 
circuit 12. By performing the process, for example, even if 
the power voltage Vcc which is supplied from the vehicle 
fluctuates and the amplitude of the pulse signal from the 
illuminance control circuit 10 changes, it is possible to 
prevent the luminance of the light emitting diode 16 from 
fluctuating due to such fluctuation. 

The pulse signal whose amplitude has been stabilized by 
the pulse amplitude stabilizing circuit 12 is supplied to the 
pulse width adjusting circuit 13. The circuit 13 is a 
circuit for adjusting the relative time width between the "1 
level" and the "0 level" of the pulse signal. The adjustment 
of the time width is not uniformly determined but decided in 
dependence on characteristics of the light emitting diode 16 
which is used in the circuit of the embodiment . That is , an 
adjustment is performed in a manner that the time width at 
the "1 level" in the pulse signal supplied to the circuit 13 
is increased (or the time width at the "0 level" is reduced) 
in the case of a certain kind of light emitting diode. When 
using another kind of light emitting diode, the time width at 
the "1 level" in the pulse signal is reduced (or the time 
width at the "0 level" is increased). 

The pulse signal in which the relative time width 
between the "1 level" and the "0 level" is adjusted to a 
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desired value by the pulse width adjusting circuit 13 is 
subjected to a smoothing process by the smoothing circuit 14. 
The smoothing circuit 14 is constructed by an integrating 
circuit comprising a resistor and a capacitor. A DC voltage, 
therefore, which is proportional to a mean (integrated) value 
of the pulse signal from the pulse width adjusting circuit 13 
appears in an output of the smoothing circuit 14. 

The DC voltage as an output from the smoothing circuit 

14 is supplied to the control voltage input terminal of the 
constant voltage driving circuit 15 via the control voltage 
switching circuit 19. The constant voltage driving circuit 

15 functions as a constant voltage source which is controlled 
by the output voltage from the smoothing circuit 14 and 
supplies the forward current according to the constant 
voltage to the light emitting diode 16 as a load. 

The higher the DC output voltage from the smoothing 
circuit 14 is, therefore, the more forward current flows into 
the light emitting diode 16, and the luminance of the light 
emitting diode 16 increases. The lower the DC output voltage 
from the smoothing circuit 14 is, the less forward current 
flows, and the luminance also decreases. 

A process for smoothing the pulse signal as mentioned 
above is substantially equivalent to a process for 
integrating the pulse signal and obtaining its mean value, 
that is, a value of the DC voltage included in the pulse 
signal. When the time width of the "1 level" in the pulse 
signal is constant, therefore, the level of the DC voltage 



obtained by smoothing the pulse signal raises as the 
frequency of the pulse signal increases. Similarly, the 
value of the DC voltage obtained after the smoothing 
decreases as the frequency of the pulse signal decreases. 
When the frequency of the pulse signal is constant, the 
larger the time width of the "1 level" in the pulse signal is 
than that of the "0 level", the higher the value of the DC 
voltage obtained in the case of smoothing the pulse signal 
is . 

As mentioned above, by rotating the illuminance 
adjustment knob of the illuminance control circuit 10, the 
duty factor of the light adjustment pulse signal which is 
supplied to the circuit in Fig. 1, that is, the relative time 
width between the "1 level" and the "0 level" of the pulse or 
a frequency of the light adjustment pulse signal changes. By 
the operation of the illuminance adjustment knob, therefore, 
the value of the DC output voltage from the smoothing circuit 
14 changes and a luminance adjustment of the light emitting 
diode 16 is made. 

In the embodiment, the relative time width between the 
"1 level" and the "0 level" of the pulse signal can be 
adjusted by the pulse width adjusting circuit 13 in 
accordance with the characteristics of the light emitting 
diode 16 as a load which is used. The motion of the 
illuminance adjustment knob, therefore, can be adapted to the 
luminance change of the light emitting diode 16 which is 
actually used. 
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At the stage of reducing the luminance of the light 
emitting diode 16 by the illuminance adjustment knob, 
naturally, the DC output voltage from the smoothing circuit 
14 drops. In association with it, the forward current which 
is supplied from the constant voltage driving circuit 15 to 
the light emitting diode 16 decreases* According to the 
light emitting diode, generally, there is a tendency such 
that when the forward current is equal to or lower than a 
predetermined value, the luminance decreases suddenly. That 
is, assuming that the light emitting diode is used as a load, 
if the light amount is reduced by the illuminance adjustment 
knob, a phenomenon such that when the light amount is reduced 
to a level in a certain range, the luminance decreases 
suddenly occurs. 

To prevent this inconvenience, even when the DC output 
voltage from the smoothing circuit 14 drops and the control 
voltage of the constant voltage driving circuit 15 drops, it 
is necessary to supply the minimum forward current IFmin for 
maintaining the minimum luminance to the light emitting diode 
16 from the constant voltage driving circuit 15. For this 
purpose, in the embodiment, the minimum voltage generating 
circuit 17 is provided and generates the minimum control 
voltage Vmin which is necessary when the constant voltage 
driving circuit 15 supplies the current IFmin. 

That is, in the embodiment shown in Fig. 1, when the DC 
output voltage from the smoothing circuit 14 drops to a value 
lower than the output voltage Vmin from the minimum voltage 
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generating circuit 17 , the voltage connected to the control 
voltage input of the constant voltage driving circuit 15 is 
switched from the output of the smoothing circuit 14 to the 
output of the minimum voltage generating circuit 17 by the 
diodes constructing the control voltage switching circuit 
19. That is, by using the above construction, even if the 
output voltage of the smoothing circuit 14 drops to Vmin or 
lower, Vmin as an output voltage from the minimum voltage 
generating circuit 17 is always applied to the control 
voltage input of the constant voltage driving circuit 15. 
The supply of the forward current IFmin from the constant 
voltage driving circuit 15 to the light emitting diode 16 is, 
consequently, maintained and the light emitting diode 16 can 
hold the minimum luminance. 

The switching position of the control voltage which is 
applied to the control voltage input of the constant voltage 
driving circuit 15 is not limited to a connecting position 
shown in Fig. 1. For example, the control voltage switching 
circuit 19 can be also provided for an input unit of the 
smoothing circuit 14 as shown in Fig. 2. In this case, 
between the pulse signal voltage which is supplied from the 
pulse width adjusting circuit 13 and the output voltage from 
the minimum voltage generating circuit 17, the voltage at a 
higher level is applied. That is, the voltage value Vmin 
from the minimum voltage generating circuit 17 is always 
applied to the control voltage input of the constant voltage 
driving circuit 15 and, in the voltage at the "1 level" of the 
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pulse signal from the pulse width adjusting circuit 13 , the 
voltage over Vmin is multiplexed to the voltage value Vmin. 

The output pulse signal from the pulse width adjusting 
circuit 13 is also supplied to the forward current 
interrupting circuit 20. The circuit 20 is a circuit for 
switching the forward current flowing in the light emitting 
diode 16 synchronously with the pulse signal. By directly 
switching the forward current by the pulse signal, the 
forward current also becomes a pulse signal synchronized with 
the pulse waveform. 

The mean value of the switched forward current, 
therefore, differs in accordance with the frequency of the 
pulse signal or the relative time width between the "1 level" 
and the "0 level" in the pulse signal. That is, the luminance 
adjustment of the light emitting diode 16 can be also made by 
the switching process by the forward current interrupting 
circuit 20. 

The pulse signal which is supplied to the forward 
current interrupting circuit 20 is not limited to the output 
pulses from the pulse width adjusting circuit 13 but, for 
example, the light adjustment pulse signal from the 
illuminance control circuit 10 can be also directly used in 
accordance with the characteristics of the light emitting 
diode 16 which is used. 

In the embodiment, the output voltage Vmax of the 
maximum voltage generating circuit 18 is used as a power 
voltage of the pulse amplitude stabilizing circuit 12 and 



pulse width adjusting circuit 13. Vmax corresponds to the 
control voltage which is needed by the constant voltage 
driving circuit 15 in order to supply the forward current by 
which the maximum luminance of the light emitting diode 16 
can be obtained. Vmax is formed by a method whereby the 
maximum voltage generating circuit 18 stabilizes the power 
voltage Vcc which is supplied from a power source unit (not 
shown) of a vehicle. 

As described above, according to the embodiment, as 
functional circuits regarding the luminance adjustment of 
the light emitting diode 16, in addition to the conventional 
smoothing circuit 14 and constant voltage driving circuit 15, 
mainly three functional circuits such as pulse width 
adjusting circuit 13, minimum voltage generating circuit 17, 
and forward current interrupting circuit 20 are provided. 
According to the luminance adjusting circuit of the 
invention, however, it is not always necessary to provide all 
of those three functional circuits. That is, by combining at 
least two of those three functional circuits in accordance 
with the characteristics of the light emitting diode which is 
actually used as a load, a luminance change of the light 
emitting diode which is approximate to that of the 
conventional lamp can be obtained. 

An example of a specific circuit construction regarding 
the embodiment is shown in Fig. 3. 

In the circuit diagram of Fig. 3, to clarify the 
correspondence to the embodiment shown in Figs . 1 and 2 , 
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circuit blocks (portions surrounded by broken lines in the 
circuit diagram of Fig. 3) corresponding to the functional 
circuits in Figs, 1 and 2 are designated by the same 
reference numerals as those in the case of Figs. 1 and 2. 
Since the illuminance control circuit 10 is an ordinary 
astable multivibrator circuit, its description is omitted. 

Each circuit block in Fig. 3 will be explained 
hereinafter. 

First, the pulse amplitude stabilizing circuit 12 
comprises resistors R7 to RIO and transistors Q3 and Q4 . 

In the circuit 12, one end of the resistor R7 is 
connected to an output of the illuminance control circuit 10, 
and the other end of the resistor R7 is connected to a base of 
the transistor Q4 and one end of the resistor R8. A collector 
of the transistor Q4 is connected to one end of a serial 
circuit of the resistors RIO and R9 and the other end of the 
serial circuit is connected to an output of the maximum 
voltage generating circuit 18. The other end of the resistor 
R8 and an emitter of the transistor Q4 are connected to the 
ground. A base of a transistor Q3 is connected to a node of 
both resistors RIO and R9 in the resistor serial circuit 
thereof. An emitter of the transistor Q3 is connected to one 
end of the transistor Q9 in the resistor serial circuit and 
the output of the maximum voltage generating circuit 18. A 
collector of the transistor Q3 is used as an output to the 
pulse width adjusting circuit 13 at the next stage. 

The pulse width adjusting circuit 13 comprises: 
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resistors Rll to R18, transistors Q5 to Q7; a capacitor C3; 
and a Zener diode ZD3. 

In the circuit 13, one end of each of the resistors Rll 
to R13 is connected to the collector of the transistor Q3 as 
an output of the pulse amplitude stabilizing circuit 12 at 
the front stage. The other end of the resistor R12 is 
connected to one end of the capacitor C3 and a cathode of the 
Zener diode ZD3. The other end of the resistor R13 is 
connected to an anode of the Zener diode ZD3 , one end of the 
resistor R14, and a base of the transistor Q7, respectively. 
All of the other ends of the resistors Rll and R14 and 
capacitor C3 and an emitter of the transistor Q7 are 
connected to the ground. 

A collector of the transistor Q7 is connected to one end 
of each of the resistors R15 and R16 and a base of the 
transistor Q6 , respectively. The other end of the resistor 
R15 is connected to one end of the resistor R17, an emitter of 
the transistor Q5, and the output of the maximum voltage 
generating circuit 18, respectively. The other end of the 
resistor R17 is connected to one end of the resistor R18 and a 
base of the transistor Q5 , respectively. The other end of 
the resistor R18 is connected to a collector of the 
transistor Q6. The other end of the resistor R16 and an 
emitter of the transistor Q6 are connected to the ground. A 
collector of the transistor Q5 is used as an output to the 
pulse width adjusting circuit 13. 

The maximum voltage generating circuit 18 comprises a 
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resistor Rl and a Zener diode ZD1. The resistor Rl and Zener 
diode ZD1 are serially connected and one end of the resistor 
Rl is connected to the power voltage Vcc. An anode of the 
Zener diode ZD1 is connected to the ground. Vmax as an output 
voltage of the maximum voltage generating circuit 18 is 
generated from a node of resistor Rl and Zener diode ZD1 (a 
cathode of the Zener diode ZD1). 

The minimum voltage generating circuit 17 comprises a 
resistor R2 and a Zener diode ZD2. The resistor R2 and Zener 
diode ZD2 are serially connected and one end of the resistor 
R2 is connected to the power voltage Vcc. An anode of the 
Zener diode ZD2 is connected to the ground. Vmin as an output 
voltage of the minimum voltage generating circuit 17 is 
generated from a node of resistor R2 and Zener diode ZD2 (a 
cathode of the Zener diode ZD2). 

The control voltage switching circuit 19 comprises 
diodes Dl and D2 . Cathodes of those diodes are connected and 
a node thereof is used as an output of the control voltage 
switching circuit 19. An anode of the diode Dl is connected 
to an output of the minimum voltage generating circuit 17 
(the cathode of the Zener diode ZD2). An anode of the diode 
D2 is connected to the collector of the transistor Q5 as an 
output of the pulse width adjusting circuit 13. 

The smoothing circuit 14 locating at the next stage of 
the control voltage switching circuit 19 comprises resistors 
R3 to R5 and capacitors CI and C2. 

One end of each of the resistors R3 and R5 is connected 
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to an output of the control voltage switching circuit 19. 
The other end of the resistor R3 is connected to one end of 
each of the resistor R4 and capacitor CI. The other end of 
the resistor R4 is connected to one end of the capacitor C2 
and used as an output of the smoothing circuit 14. All of the 
other ends of the resistor R5 and capacitors CI and C2 are 
connected to the ground. 

The example of the specific circuit shown in Fig. 3 
corresponds to the block diagram of Fig. 2 in which the 
positions of the smoothing circuit 14 and control voltage 
switching circuit 19 are opposite to those in the block 
diagram of Fig. 1. As mentioned above, however, the control 
voltage which is formed from the pulse signal and generated 
from the illuminance control circuit can be also compared 
with the minimum control voltage Vmin after the pulse signal 
was smoothed. According to the construction, the smoothing 
circuit 14 shown in Fig. 3 is provided between the pulse 
width adjusting circuit 13 and control voltage switching 
circuit 19. 

The constant voltage driving circuit 15 comprises a 
resistor R6, transistors Ql and Q2, and a diode D4. 

The output of the smoothing circuit 14 at the front 
stage is connected to a base of the transistor Q2 . A 
collector of the transistor Q2 is connected to a base of the 
transistor Ql . An emitter of the transistor Q2 is connected 
to one end of the resistor R6 and a cathode of the diode D4, 
respectively. The other end of the resistor R6 is connected 
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to the ground. An anode of the diode D4 is connected to a 
collector of the transistor Ql as an output of the constant 
voltage driving circuit 15. The power voltage Vcc is 
supplied to an emitter of the transistor Ql. 

The light emitting diode 16 as a load shown in the block 
diagram of Fig. 1 comprises light emitting diodes LED 1 and 
LED2 and a resistor R21 in the specific circuit example of 
Fig. 3. In the circuit shown in Fig. 3, all of those devices 
are serially connected. One end of the resistor R21 is 
connected to the output of the constant voltage driving 
circuit 15. A cathode of the light emitting diode LED 1 is 
connected to the forward current interrupting circuit 20, 
which will be explained later. 

As also mentioned in the detailed explanation in 
conjunction with Fig. 1, the number of light emitting diode 
devices and their connecting format are not limited to those 
shown in Fig. 3 but various connecting format can be used in 
accordance with characteristics of light emitting diodes 
being used, a value of the power voltage, and a desired 
luminance . 

The forward current interrupting circuit 20 comprises 
resistors R19 and R20 and a transistor Q8. 

One end of the resistor R19 is connected to the output 
of the pulse width adjusting circuit 13 through a diode D3 . 
The other end of the resistor R19 is connected to one end of 
the resistor R20 and a base of the transistor Q8. The other 
end of the resistor R20 and an emitter of the transistor Q8 



are connected to the ground, respectively. A collector of 
the transistor Q8 is connected to the cathode of the light 
emitting diode LED 1 as a load. 

The operation in the example of the specific circuit 
shown in Fig. 3 will be described below. 

The light adjustment pulse signal from the illuminance 
control circuit 10 is transferred to the pulse amplitude 
stabilizing circuit 12 and, thereafter, divided into proper 
voltage values by the resistors R7 and R8 and applied to the 
base of the transistor Q4 . A circuit comprising the 
transistors Q3 and Q4 constitutes a switching circuit and 
interrupts the constant voltage Vmax supplied from the 
maximum voltage generating circuit synchronously with the 
input pulses. That is, even if the amplitude of the pulse 
signal from the illuminance control circuit 10 fluctuates, 
the "1 level" in the pulse signal is always stabilized to the 
amplitude of Vmax. 

In the pulse width adjusting circuit 13, the output 
pulse from the pulse amplitude stabilizing circuit 12 is 
divided by the resistors R14 and R13 and applied to the base 
of the transistor Q7. The transistor Q7 is, therefore, 
turned on synchronously with the "1 level" of the input pulse 
signal. Since the input pulse signal is also applied to the 
serial circuit of the resistor R12 and capacitor C3, the 
capacitor C3 is charged to the voltage value Vmax 
corresponding to the amplitude of the "1 level" of the pulse 
signal through the resistor R12. 



18 



After that, even if the pulse signal changes from the "1 
level" to the "0 level", an electric potential at the base of 
the transistor Q7 does not drop to the "0 level" immediately. 
This is because the base of the transistor Q7 is connected to 
one end of the capacitor C3 through the Zener diode ZD3 and 
the capacitor C3 is charged to the voltage value Vmax as 
mentioned above. That is, if a Zener voltage of the Zener 
diode ZD3 is equal to or lower than Vmax, the Zener diode ZD3 
is conductive and the charged voltage of the capacitor C3 is 
applied to the base of the transistor Q7 . Therefore, even if 
the input pulse signal to the pulse width adjusting circuit 
13 changes from the "1 level" to the "0 level", the base 
potential of the transistor Q7 does not drop to the "0 level" 
immediately. The transistor Q7, consequently, is held in the 
ON state. 

Since the charges accumulated in the capacitor C3 are 
discharged mainly through the resistors R12 and Rll, the 
electric potential of the capacitor C3 decreases gradually. 
When the potential drops to the Zener voltage of ZD3 or 
lower, the connection between the capacitor C3 and the base 
of the transistor Q7 is disconnected. The base potential of 
the transistor Q7 is set to the "0 level" synchronously with 
the input pulse signal, and the transistor Q7 turns off. 

A circuit comprising the resistors R15 to R18 and 
transistors Q5 and Q6 in a range from the collector of the 
transistor Q7 to the post stage constructs a waveform shaping 
circuit. A pulse waveform whose amplitude is equal to the 



voltage Vmax as an output from the maximum voltage generating 
circuit is generated from the collector of the transistor Q5 
in response to ON/OFF of the transistor Q7 . 

That is, by providing a charging/ discharging circuit 
including the capacitor C3 for the input unit of the pulse 
width adjusting circuit 13, the relative time width between 
the "1 level" and the "0 level" in the output pulse signal 
from the pulse amplitude stabilizing circuit 12 can be 
adjusted to a desired value. 

The processes in the pulse width adjusting circuit 13 
described in detail above are shown in time charts of Figs . 
4A to 4C. Figs. 4A to 4C show a voltage waveform at each 
point to which each of symbols (a) to (c) corresponds in the 
circuit diagram of Fig. 3. That is, Fig. 4A shows an input 
pulse waveform to the pulse width adjusting circuit 13. Fig. 
4B shows a base potential of the transistor Q7 which changes 
slowly by the discharge of the capacitor C3. Fig. 4C shows an 
output pulse waveform from the pulse width adjusting circuit 
13. 

The one-dot chain line thL in Fig. 4B indicates a 
threshold level for discriminating the "1 level" and the "0 
level" of the pulse signal in the waveform shaping circuit 
comprising the transistors Q5 and Q6 . That is , if an 
amplitude level of the pulse waveform is larger than thL, the 
pulse of the "1 level" is generated from the pulse width 
adjusting circuit 13. If the amplitude level is equal to or 
smaller than thL, the pulse of the "0 level" is generated. As 
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mentioned above, the time width of the "1 level" in the pulse 
signal transmitted to the pulse width adjusting circuit 13 is 
extended from twl to tw2 as shown in Figs. 4A and 4C. 

The time width of the pulse which is extended can be set 
to a desired value by adjusting a time constant of a 
discharging circuit comprising the resistors R12 and Rll and 
capacitor C3 or a value of each constant in the pulse width 
adjusting circuit 13 such as a Zener voltage value of the 
Zener diode ZD3 or the like. 

In the case of the actual design of the circuit, the 
operation for shortening the time width of the "1 level" of 
the pulse signal in a manner opposite to that in the 
embodiment can be also easily realized by changing the 
construction and the connection of the charging/discharging 
circuit . 

That is, in the embodiment, by selecting various 
constants and constructions as those of the 
charging/discharging circuit of the pulse width adjusting 
circuit 13 at the designing stage, the value of the duty 
factor d of the light adjustment pulses which are supplied 
from the illuminance control circuit 10 is converted by a 
function such as f (d) = 2d and can be used as a pulse signal 
of the duty factor that is optimum to the luminance control 
of the light emitting diode which is actually used as a load. 

In the embodiment, although the pulse width adjusting 
circuit 13 has been constructed by independent circuit parts, 
it can be also realized by an integrated circuit including a 



microcomputer which is driven by a software program. In the 
case of using the construction as mentioned above, the kind 
of light emitting diode which is used as a load can be set by 
input means such as a dip switch. With the construction, the 
pulse signal suitable for the luminance control of the light 
emitting diode which is actually used can be also easily 
generated without changing the circuit elements and circuit 
pattern. 

Each of the minimum voltage generating circuit 17 and 
maximum voltage generating circuit 18 is a constant voltage 
generating circuit using the Zener diode. According to those 
circuits, even if the power voltage Vcc which is applied to 
the serial circuit comprising the current limiting resistor 
Rl (R2) and the Zener diode ZD1 (ZD2) fluctuates, a constant 
Zener voltage is generated across the Zener diode owing to 
the constant voltage characteristics of the Zener diode. The 
Zener voltage of the Zener diode ZD1 corresponds to the 
maximum control voltage Vmax. The Zener voltage of the Zener 
diode ZD2 corresponds to the minimum control voltage Vmin. 

The output voltage Vmax from the maximum voltage 
generating circuit 18 is supplied as a power voltage to the 
pulse amplitude stabilizing circuit 12 and pulse width 
adjusting circuit 13. The output voltage Vmin from the 
minimum voltage generating circuit 17 is supplied to the 
control voltage switching circuit 19 , which will be explained 
later. 

Between the voltages applied to the anodes of the 
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diodes, the control voltage switching circuit 19 supplies the 
larger applied voltage to the cathode side which is connected 
in common by using switching characteristics of the diode. 

As mentioned above, in the control voltage switching 
circuit 19 , the output voltage Vmin from the minimum voltage 
generating circuit 17 is supplied to the anode of the diode 
Dl. The output pulse signal from the pulse width adjusting 
circuit 13 is supplied to the anode of the diode D2. While 
the output pulse signal from the pulse width adjusting 
circuit 13 is at the "1 level", therefore, the voltage value 
Vmax appears on the common cathode side of the control 
voltage switching circuit 19 due to the relation of Vmax > 
Vmin. While the pulse signal is at the "0 level", the voltage 
value Vmin appears on the common cathode side due to the 
relation of Vmin > 0. That is, in the case of the circuit 
shown in Fig. 3, the voltage waveform obtained by 
multiplexing the minimum control voltage Vmin to the output 
pulse signal from the pulse width adjusting circuit 13 
appears as an output of the control voltage switching circuit 
19. 

Subsequently, the output of the control voltage 
switching circuit 19 is supplied to the smoothing circuit 14. 
The smoothing circuit 14 constructs a ladder type smoothing 
circuit (integrating circuit) comprising the resistors R3 to 
R5 and capacitors CI and C2 . The voltage waveform obtained 
by smoothing (integrating) the input voltage, that is, the DC 
voltage proportional to the mean value of the input voltage, 



23 



therefore, appears as an output of the smoothing circuit 14. 

In the output pulse signal from the pulse width 
adjusting circuit 13, therefore, the wider the width of the 
"1 level" is or the higher the signal frequency is, the 
higher the mean voltage is, so that the output voltage of the 
smoothing circuit 14 increases and approaches the maximum 
control voltage Vmax. The narrower the width of the "1 
level" in the output pulse signal is or the lower the signal 
frequency is, the lower the mean voltage is, so that the 
output voltage of the smoothing circuit 14 decreases and 
approaches the minimum control voltage Vmin. 

The operations of the control voltage switching circuit 
19 and smoothing circuit 14 described in detail above are 
shown in time charts of Figs, 5A to 5D. Figs. 5A to 5D show a 
voltage waveform at each point to which each of symbols (c) 
to (f ) in the circuit diagram of Fig. 3 corresponds. That is, 
Fig. 5A shows an output pulse waveform from the pulse width 
adjusting circuit 13. Fig. 5B shows the output voltage Vmin 
from the minimum voltage generating circuit 17. Fig. 5C 
shows the output voltage of the control voltage switching 
circuit 19. Fig. 5D shows the output voltage of the 
smoothing circuit 14. 

The constant voltage driving circuit 15 is a constant 
voltage circuit comprising the transistors Ql and Q2 and the 
like and generates a predetermined constant voltage from the 
power voltage Vcc. By the constant voltage, a predetermined 
forward current is supplied to the light emitting diodes 16 
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as a load serially connected to the constant voltage driving 
circuit 15. 

The constant voltage which is generated by the constant 
voltage driving circuit 15 is controlled in accordance with 
the control voltage which is applied to the base of the 
transistor Q2. That is, when the constant voltage which is 
applied to the base of the transistor Q2 is equal to the 
maximum control voltage Vmax, the constant voltage which 
enables the forward current IFmax to flow is generated by the 
constant voltage driving circuit 15. In the case of the 
minimum control voltage Vmin, the constant voltage which 
enables the forward current IFmin to flow is generated. 

The output pulse signal from the pulse width adjusting 
circuit 13 is also supplied to the forward current 
interrupting circuit 20 through the diode D3. In the forward 
current interrupting circuit 20, the pulse signal is divided 
by the resistors R19 and R20 and applied to the base of the 
transistor Q8. That is, the transistor Q8 repeats the ON/OFF 
state synchronously with the input pulse signal. 

Since the light emitting diode 16 as a load is connected 
to the collector of the transistor Q8, the forward currents 
flowing in the light emitting diodes LED1 and LED2 are also 
interrupted by it. 

As mentioned in the detailed description in the block 
diagram of Fig. 1, the pulse signal which is supplied to the 
forward current interrupting circuit 20 is not limited to the 
output from the pulse width adjusting circuit 13 but, for 



example, the light adjustment pulse signal from the 
illuminance control circuit 10 can be also directly used in 
accordance with the characteristics of the light emitting 
diode which is used. 

As described in detail above, according to the 
invention, even when the light source for illumination such 
as a console panel is replaced with the light emitting diode 
from the lamp, the luminance change characteristics similar 
to those of the conventional lamp can be obtained under the 
illuminance control. 

By using the light emitting diodes as a light source, 
the luminance control circuit and the devices which are used 
can be reduced in size and the life span of the light source 
can be extended. 

The present application is based on Japanese Patent 
Application No. 2001-27776 which is herein incorporated by 
reference. 
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